Blood samples were collected throughout lactation from eight D. viverrinus, and the concentrations of prolactin in the plasma determined by an heterologous, double-antibody radioimmunoassay.
Introduction
The eastern quoll, Dasyurus viverrinus (Shaw), produces litters between May and August (Hill 1910; Hill and O'Donoghue 1913; Green 1967 ) with the majority of young being born in June (Godse1l1982; J. C. Merchant, unpublished observations). The litter size at birth depends on the number of teats in the pouch which ranges from five to eight, with the most common number being six (Hill and O'Donoghue 1913; Merchant et al. 1984) . Hill and O'Donoghue (1913) considered that lactation comprised two phases: the first a period of fixation lasting 49-56 days during which the young are firmly attached to the teats; and the second a free period when the young may release the teats and are free in the pouch but remain dependent on the mother for food for a further 54-64 days. Godsell (1982) observed that, in the wild, females had new young in mid-June and that weaning was complete by the end of October (approximately 135 days). Merchant et al. (1984) found that young aged 117 and 135 days survived unaided when their mothers died. However, in captivity, lactation normally lasted longer than this and was correlated with litter size: litters of one reached total independence by 149 days (142-157 days) while for those females with two or more young lactation ceased by 195 days (174-222 days). Since the conditions in captivity are probably more confined than in the field this may have increased the association between mother and young and prolonged lactation. Thus the normal length of lactation is probably about 140-150 days, with weaning commencing at about 110 days, coincident with the eruption of the first molars and intake of the first solid food (Merchant et al. 1984) .
In two other marsupials, the tammar, Macropus eugenii, and the brushtail possum, Trichosurus vulpecula, one of the hormones of lactation, prolactin, has been measured in the peripheral circulation throughout lactation (Hinds and Tyndale-Biscoe 1985; Hinds and Janssens 1986) . The profile, which is very different to that observed in eutherians (Cowie et al. 1980) , is similar in these two species. Concentrations are low at the beginning and end of lactation and highest in mid-lactation, coincident with increased growth of the young and changes in the milk composition (Green et al. 1980 (Green et al. , 1983 Green 1984) and marked increases in the size of the mammary gland (Smith et al. 1969; Stewart 1984) . The purpose of this study was to examine a species of marsupial which, unlike the two species already observed, was carnivorous and polytocous, and determine plasma prolactin concentrations throughout lactation. 
Materials and Methods

Animals
Four females were taken from the colony of eastern quolls established at the Division of Wildlife and Rangelands Research, CSIRO, Canberra, in 1979 with females carrying pouch young trapped in the Huon Valley and Buckland areas of south-east Tasmania. Another four lactating quolls trapped in the Huon Valley near Judbury, Tasmania, and brought to Canberra in 1983, were also used. The ages of their pouch young (39, 48,48, 49 days) were estimated from measurements of head length and comparison with the growth curves of Merchant et al. (1984) . Each time an animal was handled for blood sampling its pouch was checked for the presence and number of young. Towards the end of lactation the number of active mammary glands was also recorded. Lactation was defined as having ceased when only clear fluid could be expressed from the teats. Animals were held in pens (8 m by I· 5 m by I· 5 m) which had a shed in which nest boxes measuring 35 cm by 18 cm by 18 cm were placed. The animals were fed every second day with dead mice, rats and guinea pigs obtained from the National Biological Standards Laboratory. The diet was supplemented with dog food (Harpers Puppy Chow, Arnott-Harper Pty Ltd). Water was available ad libitum.
Collection of Blood Samples
In the Canberra colony breeding begins in late May with most births occurring in mid-late June (J. C. Merchant, unpublished observations). Collection of blood samples three times weekly from the four colony-bred females began in late May when the animals were expected to be pregnant, and continued after parturition until lactation ceased in late November or December. The four wild-caught lactating females were sampled once or twice each week from August through to late December when lactation ceased.
Blood samples of O· 8-1 . 0 ml were collected by cardiac puncture using a heparinized I· 0 ml syringe and a 12 mm 26-gauge needle. Heart puncture proved rapid and efficient and ensured that samples were free of contamination. Samples were stored on ice and separated by centrifugation within 30 min of collection. Plasma was stored at -20°C until assayed for prolactin. The samples were always taken between 0930 and 1200 h. Assays for prolactin in quoll plasma were carried out by a double-antibody procedure, as described previously for the tammar by Hinds and Tyndale-Biscoe (1982) . Antiserum 33/1-8 raised in guinea pigs against human prolactin was used, with ovine prolactin (NIH-P-SI2) as the standard and tracer. Duplicate samples of 50 or 100 "I plasma were assayed. The assay was sensitive to 2 ng/ml plasma, being equivalent to the first significant displacement from zero binding. Intra-and interassay coefficients of variation were 10· 0 and 13· 0% respectively. The recovery of ovine prolactin added to a normal quo II plasma in which endogenous prolactin was not detectable was closely correlated with the amount added (y = 0'949x + 0'02, r = 0'996, P < 0'001; n = 20). Significant displacement of the tracer from the antiserum was induced in a parallel manner by a crude homogenate of an adenohypophysis of an eastern quoll and parallel dose response curves were obtained with serial dilutions of plasma (10-200 ,,\) from a lactating quoll carrying five pouch young aged 125 days, and a non-lactating quoll (Fig. 1) .
Results
Each of the eastern quolls had litters of five or six young in mid-June, and all except two successfully reared these young to independence. One of the females lost a single young at 10 days while a second lost two young, one at 11 days and another at 60 days of lactation. The length of lactation varied between 159 and 185 days (Table 1) .
In the four captive-bred females plasma prolactin concentrations were determined throughout most of pregnancy and all of lactation. During pregnancy plasma prolactin concentrations were low « 20 ng/ml), while for the first 45-50 days of lactation concentrations fluctuated from 2 to 160 ng/ml, but were generally less than 60 ng/ml. Between 45-50 days there was a sharp increase in concentration to greater than 80 ng/ml in all animals, with peak concentrations in some females greater than 200 ng/ml (beyond the upper limits of the assay). These high concentrations were maintained until about 120-130 days of lactation. Within the next 10-15 days concentrations declined to less than 80 ng/ml and by 160 days they were less than 40 ng/ml in most females, by which time lactation had almost ceased (Fig. 2) . The duration of the periods of increasing and declining prolactin concentrations are summarized in relation to the length of lactation in Table 2 . Although no blood samples were taken before 40-50 days in the wild-caught animals prolactin concentrations increased as in the captive-bred females at this stage, and were also very similar thereafter (Fig. 3, Table 2 ). A composite profile of the changes in prolactin concentrations throughout lactation for all the females is presented in Fig. 4 . 
Discussion
The changes in plasma prolactin throughout lactation in the eastern quoll are clearly very similar to those described previously for the tammar (Hinds and Tyndale-Biscoe 1985) and the brushtail possum (Hinds and Janssens 1986) , except that the peak concentrations in the second phase of lactation are higher. As in the other two species the changes in prolactin concentrations appear to be correlated with events both in the mother and in the growing young. In the mother, the marked increase in prolactin levels between 45 and 55 days coincides with an increase in the size of the mammary glands and the crossover in the concentrations of carbohydrate and lipid in the milk (Green, Merchant and Newgrain, unpublished observations) . Before 42 days carbohydrate comprises 40-50% of the solids fraction, lipids 20% and protein 30%. Between 42 and 63 days each component comprises approximately 30-35% of the solids whereas by 154 days carbohydrate has declined to 7% and lipids are as high as 50%. The young relinquish the teat at about 65 days of age and may be left in the nest. After this stage their incremental growth rate increases (Merchant et al. 1984) , and so the rise in prolactin may reflect a change in the pattern of sucking by the young, such that although there may be fewer sucking episodes, each episode may be of longer duration and/or of higher intensity, inducing a greater and more sustained release of prolactin.
For the tammar there is experimental evidence to show that the sucking of the young induces the release of prolactin in the second phase of lactation (Hinds and Tyndale-Biscoe 1985) and this is probably true for the eastern quoll also. This conclusion is supported by the observation that females with litters of five or six young had higher concentrations of prolactin in the second phase of lactation (160 to > 200 ng/ml) than those with only two or four young ("'" 120 ng/ml).
As well the peak concentrations of prolactin in the eastern quolls were higher than those observed in the monotocous species previously described (Hinds and TyndaleBiscoe 1985; Hinds and Janssens 1986) and so may reflect the strength of the sucking stimulus provided by several young.
The first evidence of a decline in the high concentrations of prolactin (110-120 days) coincides with the beginning of weaning when the first molars erupt and the young begin to eat solid foods. At this time there may be another change in the sucking pattern of the young such that the number of sucking episodes and their duration may decrease if the young is successful in obtaining food from another source. Such a decrease in prolactin levels has also been observed in other species (for example, the human) when solids first become a part of the diet (Howie and McNeilly 1982) . Nevertheless lactation, in this study, continued for another 30-60 days after the decline in prolactin to basal levels.
The similarity in the pattern of plasma prolactin throughout lactation observed in these three diverse representatives of the Marsupialia (Macropodidae, Phalangeridae and Dasyuridae) allows us to conclude that the pattern is typical for marsupials in general. While there is some evidence to suggest that the sucking stimulus induces the rise in plasma prolactin (Hinds and Tyndale-Biscoe 1985) , for none of the three species so far studied is it possible to determine whether the changes in prolactin concentrations are directly responsible for the altered composition of the milk and/or the changes in the size of the mammary gland.
